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The idea of sustainabillity

“Sustainable development 0 U R

meets. the needs of the; present COMMON

without compromising the \
needs of the future HIT URE
generations.” THE WORLD COMMISSION

ON ENVIRONMENT

AND DEVELOPMENT

i

UN Commission (1987)

Defining Sustainable Biofuels



The idea of sustainability

“Sustainable development
meets the needs of the present
without compromising the
needs of the future
generations.”

Kurhbaya

UN Commission (1987)
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The idea of sustainabillity

“The common aim must be to expand
resources and improve quality of life for
as many people as heedless population
growth forces upon Earth, and do it
with minimal prosthetic dependence.
That, 1n essence, 1s the ethic of
sustainable development.”

E.O. Wilson, Consilience
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Tackling the
sustainability of biofuels

Expanding

resources

The infamous
net energy balance

Energy

Energy
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Life Cycle
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Tackling the
sustainability of biofuels

MJ Fossil En

T’

Expanding
resources

Ethanol and fossil
energy use
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Tackling the
sustainability of biofuels

MJ Fossil per MJ Fuel

Expanding
resources

Biodiesel and fossil
energy use
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Tackling the
sustainability of biofuels

Leveraging petroleum usage with biofuels

Petroleum energy consumed per unit of fuel energy produced

Expanding

12

Fossil i
resources ol ey ivsmen

Biofuels and
petroleum

Gasoline/Diesel Corn Ethanol Biodiesel Cellulosic Ethanol
Source: Wang (2002), Shapouri (2002), Pimentel and Patzek (2005), Sheehan(1998)
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Tackling the
sustainability of biofuels

_Greenhouse Gas Emissions (gr CO2 per mile on E85)

Includes greenhouse gas emissions from the
15% gasoline portion of the E85 fuel

The Earth

Ethanol and

99 gr CO? per mi

Greenhouse -
Gases . : : : :

Corn Stover Wood Grass Corn Grain Gasoline

Source: Sheehan et al (2002), Wang (1999)
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Tackling the
sustainability of biofuels
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Tackling the
sustainability of biofuels

. and resources
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Tackling the
sustainability of biofuels

. and resources

“EU did not foresee the problems raised by its policy to
get 10% of Europe's road fuels from plants.”
BBC News January 2008
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Tackling the
sustainability of biofuels

Conversion of native ecosystems

to biofuel production - Belowground biomass
and soil carbon loss

3452 :
B - Aboveground biomass
1294 carbon loss

702 ’v
737
2 Conversion of degraded cropland
to biofuel production
[
165
85 134

100

Carbon debt
(Mg CO, ha™")

The effect of lan
use change on
greenhouse gas
emissions of
biofuels
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g
o
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ot
8.0
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Annual repayment

(Mg CO,e ha™' yr™)

No debt
incurred

Time to repay biofuel
carbon debt (yr)

Palm Palm Soybean Sugarcane Soybean Corn Corn Prairie Prairie
Biofuel biodiesel biodiesel biodiesel ethanol biodiesel ethanol ethanol biomass  biomass
ethanol ethanol

Former Tropical Peatland Tropical Cerrado Cerrado Central Abandoned Abandoned Marginal
ecosystem rainforest rainforest rainforest wooded grassland grassland cropland cropland  cropland

Location Indonesia/ Indonesia/  Brazil Brazil Brazil us us us us
Malaysia Malaysia
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Tackling the
sustainability of biofuels

Water resources

Can we afford [ZeeiEa e

5gallons of [

water per gallon
of biofuels?

“The Future Is Drying Up”
€he New JJork Eimes Magazine
October 2007
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Nitrogen and biofuels
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Is ethanol
from corn
stover
sustainable?

Adventures in
cyber-farming

A life cycle assessment
of the production of
ethanol from corn stover
for use in a flexible fuel
vehicle

Draft Report for Peer Review
December 23, 2002
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National Renewable Energy Laboratory
Golden, CO

David Lightle

Natural Resources Conservation Service
U.S. Department of Agriculture
Lincoln, NE

Marie Walsh, Janet Cushman
Oak Ridge National Laboratory
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Sustainable Development

Keith Paustian, Ken Killian, John Brenner
Natural Resources Ecology Laboratory
Colorado State University

Fort Collins, CO
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Tackling the
sustainability of biofuels

Farming,
Alternative
-Continuous Corn
-No Till
-Stover Removal

Transport

Life cycle

analysis
A directional
system-wide
perspective

Farming,

Current Crude Oil | Gasoline Distribution End-Use

-Corn/Soybean Extraction  Production
-Current Till Mix Crude Oil

-No Stover Removal Transport
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Avolding the average

Is bivethanol from corn stover sustainable?

Surface Texture

= Silt Loam
Loam
Clay Loam
Loamy Sand, Sand
Clay

Organic

Modeling lowa

Percent Hydric
. - |
2-10
11-20
B 2] - 40
B -4

Figure 25: Distribution of soil types in Iowa Used in Soil Carbon
Modeling

Defl n | ng S u Stal na b | e IBJQJC}LL&J@, area-weighted frequency distributions of soil types were

determined based on the relative proportion of soil types. Identification of
soil types yielded six to ten soil types per county.
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Integrating diverse
models

v TEAM for LCA
v’ Century for soil

v  RUSL for Erosion
v AspenPLUS for s‘i¥w'

process design

v ORIBUS for
biomass transport
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Agroecosyste

LiveFuels™

The simple
version of

the SOM
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Nutrient management

G N
vy v AR

Corn | Corn rsxlul)vvf(r Corn | Corn 1-( )
u Removed -up
Changes in 1 1

Option 1: Option 2:

N u tri e nt U S e Carbon Sequestxation Carbon Iiecycle via Ethanol

Due to I---(-)-——:—-(-).__
Modeled (NC%K )(N%q Q%KXN%K)
Options

Soy Corn | Corn

Xce

Current Scenario
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Stover to ethano
model

Vent 0.1% Ethanol Scrubber

16.9%
,Purchased Enzyme 0.8%

Enzymatic

Pretreatment : Fermentation Distillation
Conditioning Hydrolyzate - 4 Hydrolysis and Broth Dehydration | Distillation Bottoms Evaporator
Fermentation

105.5% 107.4% 54.6%

T A
Lignin

Syrup Residue

1.6% + Biogas and v v

sludge
Flash 1.2% | Wastewater 0.9%

Treatment and
Recycle

Burner/Boiler
Turbogen

Aerobic

Digester
Vent
0.1%
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Stover to ethanol
mode]

Ethanol
48.7%

,Purchased Enzyme 1%

.

‘\ 67.5%
Enzymatic : | S Distillation Bottoms
Pretreatmen ) Fermentation Distillation

froaley Hydrolyzate Hydrolysis and :

Conditioning ; Broth Dehydration
Fermentation —l
110% |, 110% 7.4%

> : . Syrup Lignin
| = Steam 10.7% 18.8% Residue
Steam 9% ——— 36.6%
L Flash 1.3% Biogas and |

sludge

Cooling o eVl 1.3% Burner/Boiler | Flue
Tower Cooling Water Evap »22% i (ment iy Turbogen Gas
Recycle

15.1%

Evaporator

Blowdown

0.6% Total
Electricity

COOLING DEMAND ELECTRICITY DEMAND %
Pretreat/Condition 0.7% Pretreat/Condition 0.9%
Fermentation 0.6% Fermentation 0.4% Electricity
Wastewater 8.6% Wastewater 0.1%
Evaporator 11.9% Evaporator 0.7%
Distillation 2.3% Distillation 0.4%
Cooling Tower 0.6% Cooling Tower 0.6% u

Coproduct Electricity
4.5%
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Carbon recycle vs
sequester

BEFORE AFTER

~

All lowa corn farmers switch
to continuous corn

Farmers sequester :
production

carbon

All lowa farmers adopt no till
practices
Business as Usual

Farming in lowa

All lowa corn farmers switch

Farmers recycle
corn followed by

soybeans carbon All lowa farmers adopt no till
practices

Predominant tillage
practices of conventional All lowa farmers collect

and mulch tilling with a "maximum" amount of stover
small amount of no till for ethanol production
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Increased N2O, CHy
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Sources of N2O, CH4

E (a) Methane (CH4)
O (a) Nitrous Oxide (N20)

o O
ETC
g N
=)
B
SN

IP =
N
a O
o
(=

Q
£
—
)
o
(o)
)
~
O
O
-
@)

Feedstock
Transport
Blending

Feedstock
Production
Distribution
Gasoline
Vehicle End | ©
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Net GHGs

0

Gasoline

-50 - 0.0

-100 -

Even with
higher N2O
and CHzg,

GHGs are
lower

-150 -

-200 A

-250 A

-300 -

grams CO2 eq per mile

-350 -

-400 -

-450 -
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Accounting
for soill
effects

Sources of GHGsS

(01
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GHG
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B CO2 soil
O CO2 fossil
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Increases
farm GHGs

by 50%

LiveFuels™

-350 -

-450

-385

Feedstock
Production

Feedstock
Transport

Conversion

Fuel
Distribution

Gasoline
Blending

Net Fuel
Use

Vehicle End
use

GHG

93.328376

7.661923

-127.29169

2.02963724

-384.68977

CH4

5.91276

0.06343488

-0.9299976

0.01692048

-3.055536

N20

11.919816

0.26242812

-6.616692

0.05003676

-1.7182296

CO2 sail

15.0966

0

0

0

0

CO2 fossil

60.3992

7.33606

-119.745

1.96268

-379.916
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- Temporal effect

500 -
450 _M
400 §

350 -

384.7 gr CO, equiv per mile = 100% avoidance’

300 -
100% of maximum

allowable stover
200 - removal

250 -

150 -
100 -
50 -

O I I
0 40 60

Time (Years)
*Driving one mile on unleaded gasoline releases 384.7 grams of CO,
equivalent.
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Recycle vs sequester

1600 -

1400 -

1200 A

| =

o

o

o
I

gr CO2 eq avoided per mile

385 gr CO, eq per mi = 100% reduction of
greenhouse gases relative to gasoline

40 60
Time (years)
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NOXx emissions

The
perspective
of the car
shows
dramatic

problems
with NOXx
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Ethics and the
sustainability of blofuels

Technology Economics

Ethics

E.O. Wilson, Consilience
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Ethics and the
sustainability of biofuels

Quality of life i VA
The tortilla effect T S
7 ‘? £ d'lA A Etlm;

“Thousands in Mexico City Protest Rising

Food Prices”™ &heNewJork Times
January 2007
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Ethics and the
sustainability of biofuels

Quality of life

The brewery effect?

“‘Biofuel brews up higher German beer prices”
Associated Press, May 2007

“Hops shortage coming to a head
"Rocky Mountain News, January 2008
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Ethics and the
sustainability of biofuels

ENigerian appetite for-grain

s :
/ /// :

/// / / 1 N n‘:‘
5

Quality of life

Developing countries’

developing demand - e N @
The Food Chain: A Global Need for Grain That
Farms Can't Fill

Ehe New JJork Times
March 2008
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Ethics and the
sustainability of biofuels

“We need an LCA process that addresses all
sustainability issues and is accepted worldwide”

Paraphrased from talk by Dean Simeroth, CARB, commenting on hurdles
facing implementation of a low carbon fuel standard in California

California _
Environmental

¢ Protection Agency
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Ethics and the
sustainability of biofuels

Stakeholder - a Stakeholder -
Input Input

LCA as a StGoal | | Coor |, Constuct _,| _Drat
framework for | oo Data Models Findings

dialogue ‘5

i Input for follow-up study
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Ethics and the
sustainability of biofuels

= Vi

C/ t us engage in the
serious business of
conducting our discussion
rationally and logically to
discover the truth about
points on which we differ.”

—Mortimer J. Adler
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A , NREL/TP-580-24190 T OT:"IY
I a e S A Look Back at the
U.S. Department of Energy’s
Aquatic Species Program:
| |

Biodiesel from Algae
Two years ago, my phone at
NREL began ringing off the
hook with inquiries from
investors
Our close-out report on algae
IS now the #1 download on
NREL's website

www.nrel.gov
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Algae—the other biomass

Emergents

“ Macroalgae

1A Microalgae

l
Floating-leal Plants Algae |

oy v
-~ lel, =

Submerged Plants —1 <l

<— Littoral Zone —>

Algae Renaissance February 27, 2008




Algae—the other biomass

v A High-Risk, High-Benefit
Opportunity

 Prehistoric plants that
grow where few other
plants could survive

e Hot climes

e Salt water
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NREL's production concept
was a new kind of farming

v The open ponds

v' Recycle CO;
from power
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